Identification of hydrophobic interactions between proteins and lipids: free fatty acids activate phospholipase C delta1 via allosterism.
Lipids are well recognized ligands that bind to proteins in a specific manner and regulate their function. Most attention has been placed on the headgroup of phospholipids, and little is known about the role of the acyl chains in mediating any effects of lipids on proteins. In this report, free fatty acids (FFA) were found to bind and activate phospholipase C delta1(PLC delta1). The unsaturated FFA arachidonic acid (AA) and oleic acid were able to stimulate PLC delta1 up to 30-fold in a dose-dependent manner. The saturated FFA stearic acid and palmitic acid were less efficacious than unsaturated FFA, activating the enzyme up to 8-fold. The mechanism of activation appears to be due to a change in K(m) for substrate; 50 microM arachidonate reduced the K(m) for the soluble PLC substrate diC(4)PI from 1.7 +/- 0.6 mM to 0.24 +/- 0.04 mM (7-fold reduction). V(max) was not significantly altered. PLC delta1 bound to sucrose-loaded vesicles that contained AA in a concentration-dependent manner. A fragment of PLC delta1 that encompasses the EF-hand domain also bound to micelles containing AA using nondenaturing PAGE. This same fragment also inhibited AA activation of PLC delta1 in a competition assay. These results suggest that the function of the EF-hand domain of PLC delta1 is to bind lipid and to allosterically regulate catalysis. These results also suggest that esterified and nonesterified fatty acids can bind to and regulate protein function, identifying a functional role for hydrophobic interactions between lipids and proteins.